ffrO/PCT Rec'd 2 9 MAR 2001 

PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Inventor(s): Guizeng SHI et al. Group Art Unit: 

Application No.: 09/763,163 Examiner: 
Filed: February 16, 2001 

For: WIRELESS COMMUNICATION APPARATUS AND 
WIRELESS COMMUNICATION METHOD 

DECLARATION UNDER 37 CFR S 1.47(b) 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, Osamu Kato, do hereby solemnly and sincerely declare that: 

1. I have acted on behalf of Matsushita Electric Industrial Co., Ltd. in attempting to secure the 
signature of joint inventor Guizeng Shi on a Declaration Under 37 CFR § 1.63 and Assignment 
associated with the above-identified application. 

2. U.S. Application No. 09/763,163, the subject of this Declaration, which is the U.S. national 
stage filing of PCT international application number PCT/JP00/03874, claims priority from Japanese 
Appln. No. 11-178737 filed June 24, 1999 (see Exhibit A - Applicants' Claim for Priority filed 
February 16, 2001, and Exhibit B - PCT/IB/304 Notification Concerning Submission or Transmittal of 
Priority Document). 

3. Proof of the proprietary interest of Matsushita Electric Industrial Co., Ltd. in the present 
application is established by the attached Exhibit C- a copy of an Assignment executed by the other 



DECLARATION UNDER 37 CFR § 1.47(b) 
U.S. Application No. 09/763,163 

two co-inventors of the present application, assigning their entire right, title and interest in the 
invention and all applications for patent and Letters Patent therefore to Matsushita Electric Industrial 
Co., Ltd. 

4. On March 31, 2000, Guizeng Shi left the employ of Matsushita Electric Industrial Co., Ltd. 
His last known address is 4-4-18-104, Midori-cho, Akishima-shi, Tokyo 196-0004 JAPAN. 

5. On February 16, 2001, I wrote to Guizeng Shi by registered mail and enclosed the following 
documents (see Exhibit D): 

Declaration for Patent Application for the above-captioned application 
Assignment for the above-captioned application 

Cover letter requesting that Mr. Shi sign and date each of the documents as indicated, 
and return the originals to Matsushita Electric Industrial Co., Ltd. 

6. My correspondence of February 16, 2001 to Mr. Shi was forwarded by registered mail return 
receipt (see Exhibits E and F - Japanese-language Registered Record of Delivery with English- 
language annotation^ of Registered Record of Delivery). 

7. Exhibits E and F show that the mail was returned to sender after a one -week custodial period 
due to absence of the recipient. 

9. To date, despite the diligent efforts of both Matsushita Electric Industrial Co., Ltd. and the 
undersigned, Guizeng Shi has not complied with the above-identified request to sign the Declaration 
Under 37 CFR § 1.63 for the present application. 
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DECLARATION UNDER 37 CFR § 1.47(b) 
U.S. Application No. 09/763,163 

10. Proof of irreparable damage to Matsushita Electric Industrial Co., Ltd. is established by the fact 



associated with Japanese Appln. No. 11-178737 filed June 24, 1999i . 0 

I further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



that the grant of a filing date under 35 U.S.C. § 371 is necessary to establish a claim for priority 



Respectfully submitted, 





Osamu Kato 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of 



Inventors : 



Guizeng SHI et al. 



Application No. : 



New PCT Application 



Filed: 



February 16, 2001 



For : 



WIRELESS COMMUNICATION APPARATUS AND WIRELESS 
COMMUNICATION METHOD 



CLAIM FOR PRIORITY 



Assistant Commissioner of Patents 
Washington, D.C. 20231 

Dear Sir: 

The benefit of the filing date of the following prior 
foreign application filed in the following foreign country is 
hereby requested for the above -identified application and the 
priority provided in 35 USC 119 is hereby claimed: 

Japanese Appln. No. 11-178737, Filed: June 24, 1999 . 

The International Bureau received the priority document 
within the time limit, as evidenced by the attached copy of the 
PCT/IB/304. 



It is requested that the file of this application be marked 
to indicate that the requirements of 35 USC 119 have been 
fulfilled and that the Patent and Trademark Office kindly 
acknowledge receipt of this document. 



JEL/clw 

Attorney Docket No. L9289. 01113 PCT 

STEVENS DAVIS, MILLER & MOSHER, L.L.P. 
1615 L STREET , NW, Suite 850 
P.O. Box 34387 
WASHINGTON, DC 20043-4387 
Telephone: (202) 408-5100 
Facsimile: (202) 408-5200 



Respectfully submitted, 



Date: February 14, 2001 




Registration No. 28,732 
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CT/JP00/03874 



PATENT COOPERATION TREATY 

INTERNATIONAL BUREAU 



PCT 



NOTIFICATION CONCERN 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 




CIATES(2) 

WASrflDA, Kimihito 
5th Floor, Shintoshicenter Bldg. 
24-1, Tsurumaki 1-chome 
Tama-shi, Tokyo 206-0034 
JAPON 



Date of mailing (day/month/year) 
28 August 2000 (28.08.00) 






Applicant's or agent's file reference 
2F00091-PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/J POO/03874 


International filing date (day/month/year) 
15 June 2000 (15.06.00) 


International publication date (day/month/year) 
Not yet published 


Priority date (day/month/year) 
24 June 1999 (24.06.99) 


Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 1 7.1 (a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk(*) appearing next to a date of receipt in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date 



- Priority application No. 



24 June 1999 (24.06.99) 11/178737 



Country or regional Office 
or PCT receiving Office 

JP 



Date of receipt 
of priority document 

04 Augu 2000 (04.08.00) 





The International Bureau of WIPO 
34, chernin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No. (41-22) 740.14.35 


Authorized officer 

Sean Taylor Q h /V 

Telephone No. (41-22) 338.83.38 . ^ 



Form PCT/IB/304 (July 1998) 



003491547 




(1) Guizeng SHI 



USA 

IGI^MEfirr OF PATENT APPLICATION ^fJ^V\(~CL^ 



(2) Osamu KATO 



(3) Mitsuru UESUGI 

(4) 

(5) 



In consideration of the sum of one dollar ($1.00) and other good and valuable consideration paid to each of 
the undersigned, the undersigned agree(s) to assign, and hereby does assign, transfer and set over to 

(6) MA TSU S HITA ELECTRIC INDUSTRIAL CO., LTD, 

(6a) of 1006, Qaza Kadoma, Kadoma-shi, Osaka 571-8501 JAPAN 

(7) : 

' (7a) of 

(hereinafter designated as the Assignee) the entire rights, title and interest for the United States, its territories, 
dependencies and possessions, and for the country of 

(8) in the invention, and all applications for patent and any Letters Patent 

which may be granted therefor, known as 

(9) WIRELESS COMMUNICATION APPARATUS AND 

WIRELESS COMMUNICATION METH O HCase No. ) 

for which the undersigned has (have) executed on even date herewith an application for patent in the United States of 
America or, if not on even date, then has executed 

(10) on or has already filed 

(11) U.S. appln. Serial No. c *=) / lb 3, UJ , filed on "feU*^ / b , X< **> / 

(12) The undersigned acknowledges an obligation of assignment of this invention to said assignee at the 
time the invention was made. 

1) The undersigned agree(s) to execute all papers necessary in connection with the application and any continuing or divisional 
applications thereof and also to execute separate assignments in connection with such applications as the Assignee may deem necessary or 
expedient. 

2) The undersigned agree(s) to execute all papers necessary in connection with any interference which may be declared concerning 
this application or continuation or division thereof and to cooperate with the Assignee in every way possible in obtaining such evidence and 
going forward with such interference. 

3) The undersigned agree(s) to execute all papers and documents and perform any act which may be necessary in connection with 
claims or provisions of the International Convention for Protection of Industrial Property or similar agreements. 

4) The undersigned agree(s) to perform all affirmative acts which may be necessary to obtain a grant of a valid United States patent 
to the Assignee. 

5) The undersigned hereby authorize(s) and request(s) the Commissioner of Patents to issue any and all Letters Patent of the United 
States resulting from said application or any division or divisions or continuing applications thereof to the said Assignee, as Assignee of the 
entire interest, and hereby covenants that he has (they have) full right to convey the entire interest herein assigned, and that he has (they have) 
not executed and will not execute, any agreement in conflict herewith. 

6) The undersigned hereby grant(s) the firm of STEVENS, DAVIS, MILLERT& MOSHER, LLP. the power to insert on this 
assignment any further identification which may be necessary or desirable to comply with the rules of the United States Patent Office for 
recordation of this document. 

In witness whereof, executed by the undersigned on the date(s) opposite the undersigned signature(s). 

Da te Signa ture of In ven tor ( I ) a (Sea I ) 

Date ^y^^^vL I^T ^/ signature of Inventor (2) 6^ M^Ao /\d/^& (Seal) 

Date ''/k^d^ I Lfc Signature of Inventor (3) 'TTUjQAjyi^ IjJhA^C (Seal) 

Date Signature of Inventor (4) (Seal) 

Date Signature of Inventor (5) : (Seal) 

This assignment should preferably be signed before: (a) a Notary Public if within the'U.S.A., or (b) a U.S. Counsel if outside 
the U.S.A. If neither, then it should be signed before at least two witnesses who also sign here: 

Date Signature of Witness (Sea I ) 

Da te Signa ture of Witness (Sea I ) 



(English Annotation) 



To: Mr. Guizeng SHI 



MEMORANDOM 



Request for Seal 



Our Ref. Nos. P22338, P22340 



February 16, 2001 



Please seal the enclosed Declaration and Assignment for filing foreign patent 
applications and return the same to us as soon as possible. 



* These documents are very important. Please seal the forms and return to us 
urgently. If there is any reason why you can't return the documents, please let 
us know by telephone or E-Mail. 



a ft a » 



[g:t[W3l ifftt mS YRP R:604 P. 02/02 
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* APPLICATION FOR UNITED STATES 
Declaration for Patent Application 



TENT 



^ > As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 



the invention entitled: 



the specification of which 
(check at least one) 



2 (file no 



3[X] 
4[ ] 
6[ ] 



is attached hereto 

was filed on 

and was amended 



_as (5) U.S. Application Serial No.. 



(if applicable) 



Use this 

portion 
only if you 
are entering 

the U.S. 

National 
phase based 

on a PCT 
International 
Application 
designating 

the U.S. 



7 [ x ] was filed as PCT international application 
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Number P CT/ .TP00/03874 



on June 15, 2000 
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and was amended under PCT Article(s) 19 and/or 34 
on 



(if applicable). 



I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended, 
by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to 
patentability in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor's 
certificate listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 
earlier than that of the application(s) on which priority is claimed. 



Prior (Foreign) Application^) any Priority Claims Under 35 U.S.C. 119 



Priority Claimed 



11a 



JAPAN 



JP11-178737 



24/06/1999 



(Country) 



(Number) 



(Day/Month/Year Filed) 



(Country) (Number) (Day/Month/Year Filed) 

Additional foreign application numbers are listed on a supplemental priority data sheet attached hereto. 



[x] 
Yes 

[ ] 

Yes 



[ 1 

No 

[ 1 

No 



Priority Claim(s) from U.S. Provisional Application(s) - I hereby claim the benefit under Title 35, United States Code, §1 19(e) of any 
United States provisional application(s) listed below: 



lib 



Application No. 



Day/Month/Year Filed 



Application No. 



Day/Month/Year Filed 



Do not use this 
portion to identify a 
PCT application if the 
parent application is 
the U.S. National 
phase of the PCT 
application 



I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application(s) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 
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(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



1 hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 

James E. Ledbetter, Reg. No. 28732; Thomas P. Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No. 31674. 

ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
STEVENS, DAVIS, MILLER & MOSHER, L.L.P., 1615 L Street, N.W., Suite 850, Washington, D.C. 20036, 
TELEPHONE (202) 408-5100, FACSIMILE (202) 408-5200. 

See page 2 for signature lines 

c 1998 Stevens, Davis, Miller & Mosher, L.L.P. other side for instructions for completing this form 



, INSTRUCTIONS FOR COMPLETION OF THIS FORM 

line*} Insert the same title as is used on^^^ecifi cation and in the assignment. 

line 2 * Is optional but "is provided so that you can use it to identify more readily an application prior to tnetime that the Patent Office application serial number is 

assigned. We suggest that the specification, drawings and declaration always bear a file number since it can help to get the papers together in case they become inadvertently 
separated. In instances where the specification is filed without a signed declaration form (under 37 CFR §1.53) a file number on a later- received separate form will assist us 
in associating it with the correct case. 

line 3 Check this box if the specification, claims and drawing (if any) are attached to this declaration form, e.g., when filing a new patent application. 

lines 4-5 Are only used in an instance where the application is already on file and the declaration from is being separately filed, e.g.,when the application was 

originally filed without a signed declaration or where the Patent Office has required a new declaration because of a deficiency in the original declaration. In such an 
instance the Patent Office will require that lines 4 and 5 be completed with the filing date and application serial number already assigned. 

line 6 Is used in conjunction with line 5 but only when there have been one or more amendments to the specification or claims. Line 6 is also used when the 

Examiner requires a new declaration because claims inserted by amendment cover subject matter not originally claimed (37 CFR §1 .67). 

lines 7-10 Are for PCT (Patent Cooperation Treaty) cases and are used only when you are entering the U.S. National phase (Chapter I or II) based upon a previously 

filed PCT International application designating the U.S. 

line 7 Check this box if this is a PCT National Phase application. 

line 8 Insert PCT International application number. 

line 9 Insert date of filing of PCT International application. 

lines 10 Insert the date of all amendments filed in the PCT International application. Such amendments are optional, so this line at times will not be used. 

line 11a Is used in the following instances: 

(i) If a single priority is being claimed from a foreign application you need to list only the first-filed application; you do not need to list other countries if all 
applications were filed within one year of the U.S. filing. 

(ii) If multiple priorities are being claimed, from a plurality of applications filed in one or more countries, you must list the first filed application for each aspect 
of the invention. Example: if aspect A of the invention was disclosed in an application filed 1 1 months earlier in country X and aspect B was disclosed 9 months 
earlier in an application filed in country Y, then the applications in both countries X and Y must be identified. Only the first application for each aspect of the 
invention needs to be identified provided all applications on that aspect were filed within one year prior to the U.S. filing. 

(iii) If a non-priority application is being filed you must list all applications in all countries where corresponding foreign applications were filed more than one 
year prior to the U.S. filing. This is so the Examiner can check to see if any of those applications were published or patented early enough to be prior art against the 
U.S. application. 

(iv) If there are more than two applications to be listed we suggest that you type in on this form only "See attached Schedule A" and then list all of the previous 
applications on an attached sheet. 

line lib Is used to claim priority under 35 USC §11 9(e) based on a provisional application filed within one year of the filing of the instant application. More than 

one provisional application may be identified provided neither was filed more than one year earlier. 

line 12 This block is used only in instances where there is a previously filed U.S. non-provisional application which was copending at the time the present application 

was (or is being) filed, that previous application could be a U.S. non-provisional application or the National Phase of a PCT allocation. In such a case the present 
application may be entitled to the priority of the previous application's U.S. filing date (and consequently the foreign priority thereof) provided the present application is 
identified as a continuing application (continuation, divisional or continuation-in-part) of the earlier (parent) application. If the foregoing is applicable, please fill in one line 
for each such prior application. 

line 13 Type the inventor's proper legal name in the order specified, e.g., "John B. JONES" or "J. Bob JONES" if the inventor so prefers. It is ngj acceptable to use 

only initials such as "J. B. JONES." 

line 14 The inventor's "signature" may be his (or her) usual manner of signing but it is preferable that the inventor simply write his (or her) name in his (or her) own 

cursive handwriting in the same order as on line 14, e.g., given name, middle initial and Family name. 

line 15 Insert the actual date of signature. 

line 16 Insert simply the city and state or country, e.g., "Paris, France", of the inventor's residence , not citizenship. No street address or postal code is required on 

this line. 

line 17 Insert the inventor's citizenship. The statement of citizenship (or subject of) is a statutory requirement (35 USC § 1 15). Simply the name of the country of 

citizenship, e.g., "Japan" is sufficient. 

line 18 Insert the inventor's mailing address. The purpose of requiring the post office address is to enable the Patent Office to communicate directly with the 

inventor if desired, such as in the case of death of the U.S. attorney. It should be the address where the inventor customarily receives his (or her) mail and should include 
the postal code. If applicable it can be the inventor's business address or address at place of employment. 

Applicants are reminded that the U.S. Patent and Trademark Office has very strict requirements as to proper execution of an application. The applicant should 
make sure that he reviews the declaration, prior to signing to make sure the declaration properly identifies the application and all relevant information; and should review the 
specification and claims (including drawings, if any) before signing the declaration. Failure to do so will require the filing of a supplemental declaration — 37 CFR §1 .67(c). 

Any handwritten changes to the specification, claims or drawings must be in ink personally by all of the inventors prior to signing the declaration and the adjacent 
left margin must be initialed and dated by all of the inventors, e.g., "JBJ 6-9-91". 

Please let us know if there are any questions regarding proper completion of this form. Thank you. 

An assignment, a separate document requiring separate signature and dating may be enclosed. Please look for it and sign and date it in the same manner as in 
lines 15 and 16 above. 



STEVENS, DAVIS, MIIiLER & MOSHER, L.L.P. 

^hereby declare that all statements made herei^^ky own kno wledge are true and that all statements m ade ^^frrmatmn and belief are believed to be true: and further 

thaUhese statements were made with the know^^^that willful false statements and the like so m.iilr |m^^ble by Fine or imprisonment, or both, under Section 1001 

o^Title 18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 

PAGE 2 OF U.SA. DECLARATION FORM 



13a 


Typewritten Full Name 
of Sole or First Inventor 


I'll IT An CM 




SHI 






Given Name 


Middle Name 


Family Name 


14a 


Inventor's Signature 








15a 


Date of Signature 












Month 


Day 


Year 


loa 


Residence 


Akishima-shi 


Tokyo 


JAPAN 






City 


State or Province 


Country 


17a 


Citizenship 


China 






18a 


Post Office Address 


4-4-18-104, Midori-cho, 








(Insert complete mailing 
address, including country) 


Akishima-shi, Tokyo 196-0004 JAPAN 




13b 


Typewritten Full Name 
or ooie or occonu inventor 


Osamu 




KATO 






Given Name 


Middle Name 


Family Name 


14b 


Inventor's Signature 
Date of Signature 








15b 








Month 


Day 


Year 


16b 


Residence 


Yokosuka-shi 


Kanagawa 


TADAM 






City 


State or Province 


Country 


17b 


Citizenship 

Host {JiTice Address 


Jaoan 






18b 


5-45-G302, Shonantakatori, 






(Insert complete mailing 
address, including country) 

Typewritten Full Name 
ui ouic or imru inventor 


Yokosuka-shi. Kanagawa 237-0066 Jaoan 




13c 


Mitmiru 




TJESTJd 




Given Name 


Middle Name 


Fnmilv Mamp 

x aiiiii y iiaiiiv> 


14c 


Inventor's Signature 
Date of Signature 








15c 










Month 


Day 


Year 


16c 




Yokosuka-shi 


Kanagawa 


JAPAN 


City 


State or Province 


Country 


1 7^ 
1 /C 


Citizenship 


Japan 






18c 


Post Office Address 
(Insert complete mailing 
address, including country) 


17-1-402, Anjindai, 








Yokosuka-shi, Kanagawa 


238-0048 Japan 




13d 


Typewritten Full Name 
of Sole or Fourth Inventor 










Given Name 


Middle Name 


Family Name 


14d 


Inventor's Signature 
Date of Signature 








15d 










Month 


Day 


Year 


16d 


Residence 









City State or Province Country 

17d Citizenship 

18d Post Office Address 

(Insert complete mailing — — — ■ ■ — 

address, including country) 



•Note to Inventor: Please sign name on line 15 exactly as it appears in line 14 and insert the actual date of signing on line 16. 

copy of this page for identification and signatures for the additional inventors. 
* 199K STEVENS, DAVIS, MILLER & MOSHER, UUP. 



If there are more than four inventors, please add a 



USA 

SSIGNMENT OF PATENT APPLI^pON 

(1) Guizeng SHI 

(2) 

(3) 

(4) 

(5) 

In consideration of the sum of one dollar ($1.00) and other good and valuable consideration paid to each of 
the undersigned, the undersigned agree(s) to assign, and hereby does assign, transfer and set over to 

(6) MATSUSHITA ELECTRIC INDUSTRIAL CO.. LTD. 

(6a) of 1006, Oaza Kadoma, Kadoma-shi. Osaka 571-8501 JAPAN 

(7) 

(7a) of 

(hereinafter designated as the Assignee) the entire rights, title and interest for the United States, its territories, 
dependencies and possessions, and for the country of 

(8) in the invention, and all applications for patent and any Letters Patent 

which may be granted therefor, known as 



(9) 



(Case No. ) 



for which the undersigned has (have) executed on even date herewith an application for patent in the United States of 
America or, if not on even date, then has executed 



(10) on or has already filed 

(11) U.S. appln. Serial No. , filed on 

(12) The undersigned acknowledges an obligation of assignment of this invention to said assignee at the 
time the invention was made. 

1) The undersigned agree(s) to execute all papers necessary in connection with the application and any continuing or divisional 
applications thereof and also to execute separate assignments in connection with such applications as the Assignee may deem necessary or 
expedient. 

2) The undersigned agree(s) to execute all papers necessary in connection with any interference which may be declared concerning 
this application or continuation or division thereof and to cooperate with the Assignee in every way possible in obtaining such evidence and 
going forward with such interference. 

3) The undersigned agree(s) to execute all papers and documents and perform any act which may be necessary in connection with 
claims or provisions of the International Convention for Protection of Industrial Property or similar agreements. 

4) The undersigned agree(s) to perform all affirmative acts which may be necessary to obtain a grant of a valid United States patent 
to the Assignee. 

5) The undersigned hereby authorize(s) and request(s) the Commissioner of Patents to issue any and all Letters Patent of the United 
States resulting from said application or any division or divisions or continuing applications thereof to the said Assignee, as Assignee of the 
entire interest, and hereby covenants that he has (they have) full right to convey the entire interest herein assigned, and that he has (they have) 
not executed and will not execute, any agreement in conflict herewith. 

6) The undersigned hereby grant(s) the firm of STEVENS, DAVIS, MILLER & MOSHER, L.L.P. the power to insert on this 
assignment any further identification which may be necessary or desirable to comply with the rules of the United States Patent Office for 
recordation of this document. 

In witness whereof, executed by the undersigned on the date(s) opposite the undersigned signature(s). 
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DESCRIPTION 
WIRELESS COMMUNICATION APPARATUS 
COMMUNICATION METHOD 
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Technical Field 

The present invention relates to a wireless 
communication apparatus using ATM (Asynchronous 
Transfer Mode). 

Background Art 

As conventional wireless communication systems 
using ATM, there are major two samples as described 
below. 

A first conventional system is an AWA (ATM Wireless 
Access) system with a purpose of providing multimedia 
services to mobile users. FIG.l is a schematic diagram 
illustrating a structure of a frame for use in a 
conventional wireless communication system. 

As illustrated in FIG.l, the structure of one frame 
has a first part in which access channel (Ach) 11 is 
followed by control channel (Cch) 12 and then user 
channel (Uch) 13, and a latter part in which access 
channel (Ach) 14 is followed by control channel (Cch) 
15 and then user channel (Uch) 16. 

Each of access channels 11 and 14 contains two time 
slots, namely, a downlink time slot (A D ) and an uplink 
time slot (Au) . Downlink Ach is a channel used in 
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instructing a mobile station on Cch allocation as well 
as a broadcast channel for various control information. 
Uplink Ach is a random access channel to acquire Cch. 

Control channel (Cch) 12 is an uplink control 
5 channel and control channel (Cch) 15 is a downlink 
control channel. Cch is used in transmitting and 
receiving Uch control information such as establishment, 
disconnection and switching of Uch and messages 
concerning Cch switching control. 
10 User channels (Uch) 13 and 16 contain downlink time 

slots for a base station to transmit for example ATM cells 
to a mobile station, and uplink time slots for the mobile 
station to transmit for example ATM cells to the base 
station . 

15 In the conventional communication system using the 

aforementioned frame, a base station controls all the 
time slots of the control channels (Cch) and user 
channels (Uch) . As a method for setting a communication 
band for a user request, the base station allots time 

20 slots for use by each mobile station from among time slots 
of user channels (Uch) 13 and 16 corresponding to the 
user request . 

Further in an asymmetric traffic on up-and downlink 
channel, a base station designates the number of Uch time 

25 slots for the uplink and that for the downlink 
corresponding to a user information transmission rate 
independently using a wireless channel control section 
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at the time of channel allocation, instead of designating 
the same number of Uch time slots for the uplink and 
downlink, and thereby performs setting of communication 
band for user request. 
5 A mobile station establishes synchronization of 

Ach with a base station providing a highest received 
level immediately after being turned on, and then 
transmits a message for requesting Cch establishment 
using uplink Ach by random access . The base station that 

10 receives the request searches unused Cch, transmits a 
Cch allocation message, and thereby notifies the mobile 
station of a Cch time slot number to use. Each base 
station is allocated one uplink Cch and one downlink Cch. 
Using these Cchs , each base station always transmits 

15 control information. Based on call control information, 
the base station notifies the mobile station of Uch time 
slots corresponding to a communication rate requested 
by a user using a Uch allocation instructing message. 
The base station manages a relationship between a Uch 

20 time slot number and Cch or mobile station number, and 
further manages used channels on Cch and Uch for each 
mobile station. 

A second example of the conventional systems is an 
ATM-LAN system using radio signals with a wavelength of 

25 the order of millimeters. This system uses an uplink 
channel based on a random access scheme at a reservation 
stage and on a polling scheme at an information 



transmission stage succeeding the reservation stage. 

The polling in the above system includes periodical 
polling (such polling that periodically transmits a 
polling signal to each user) and non-periodical polling 
5 (such polling that irregularly transmits a polling 
signal to each user). These kinds of polling are used 
corresponding to QoS (Quality of Service) of user 
information . 

A base station sets information such as a polling 
10 period, priority and polling time in a polling scheduler. 
Further based on the periodical polling, the base station 
calculates the polling time of each user to update the 
contents of the polling scheduler. After that, based 
on the updated polling scheduler, the base station 
15 transmits the polling signal to each user. According 
to the polling signal transmitted from the base station 
as descried above, each user transmits a transmission 
queuing data frame. 

In addition, the base station performs the non- 
20 periodical polling between the periodical polling. 

However, there are following problems in the 
convention systems . 

The first system has a frame structure disorderly 
containing an uplink time slot and downlink time slot 
25 on Uch, although a guard time with a long time interval 
is needed between the uplink time slot and downlink time 
slot for immunity to interference. Accordingly in the 
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first conventional system, it is necessary to provide 
a large number of guard time intervals as a whole, and 
therefore there are problems that the frame utilization 
rate deteriorates and that the system capacity 
5 decreas es . 

Further in the first conventional system, the 
channel allocation is not performed based on traffic 
amounts of the uplink and downlink. Therefore, in aji 
asymmetric traffic on which traffic amounts 

10 (transmission rates) are different between the uplink 
and downlink channels, the frame utilization rate is low 
on a channel with a low transmission rate as compared 
to the other channel with a high transmission rate. 
Accordingly, there is another problem that the first 

15 conventional system is not capable of improving the 
system capacity . 

Furthermore in the first conventional system, 
packets do not collide with each other, however, Uch is 
occupied for each connection. Therefore the efficiency 

20 based on the packet exchange deteriorates and qomes close 
to that based on channel exchange. In currently used 
packet access control schemes (such as random access 
scheme and reservation scheme), the efficiency is 
improved to some extent , however , the problem on the 

25 collision is not improved, therefore the throughput 
deteriorates, and delay and delay variation are 
increased . 
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In the second conventional system, communications 
corresponding to QoS of user are achieved, however, an 
asymmetric traffic is not considered, and therefore 
there are problems that the frame utilization rate and 
5 system capacity cannot be improved. 

Disclosure of Invention 

It is an object of the present invention to provide 
a wireless communication apparatus that faithfully 

10 responds to an asymmetric traffic and QoS of user and 
enables improved frame utilization rate and improved 
system capacity. This object is achieved by allocating 
time slots for use by each communication user based on 
respective situations of transmission queuing cell on 

15 uplink channel and downlink channel of the communication 
user . 

Brief Description of Drawings 

FIG.1 is a schematic diagram illustrating a 
20 structure of a frame used in a conventional wireless 
communication system; 

FIG. 2 is a schematic diagram illustrating a 
structure of a communication system using a wireless 
communication apparatus according to a first embodiment 
25 of the present invention; 

FIG. 3 is a schematic diagram illustrating a frame 
format used in the wireless communication apparatus 
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according to the first embodiment; 

FIG. 4 is a schematic diagram illustrating a 
structure of a time slot on a user channel of the frame 
format used in the wireless communication apparatus 
5 according to the first embodiment; 

FIG. 5 is a block diagram illustrating a 
configuration of a base station provided with the 
wireless communication apparatus according to the first 
embodiment ; 

10 FIG. 6 is a block diagram illustrating a 

configuration of a wireless channel control section in 
the wireless communication apparatus according to the 
first embodiment; 

FIG. 7 is a block diagram. illustrating a 

15 configuration of a user channel managing section in the 
wireless communication apparatus according to the first 
embodiment ; 

FIG.8A is a schematic diagram illustrating a 
channel allocation method for use by a channel allocating 
20 section in the wireless communication apparatus 
according to the first embodiment; 

FIG.8B is a schematic diagram illustrating a 
channel allocation result by the channel allocating 
section in the wireless communication apparatus 
25 according to the first embodiment; 

FIG.9A is a schematic diagram illustrating a 
channel allocation method for use by a channel allocating 
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section in the wireless communication apparatus 
according to a second embodiment of the present 
invention ; 

FIG.9B is a schematic diagram illustrating a 
5 channel allocation result by the channel allocating 
section in the wireless communication apparatus 
according to the second embodiment; 

FIG . 1 OA is a schematic diagram illustrating a 
channel allocation method for use by a channel allocating 
10 section in the wireless communication apparatus 
according to a third embodiment of the present invention; 

FIG. 1 OB is a schematic diagram illustrating a 
channel allocation result by the channel allocating 
section in the wireless communication apparatus 
15 according to the third embodiment; 

FIG. 11 is a schematic diagram illustrating an 
example of a frame structure according to a fourth 
embodiment of the present invention; and 

FIG. 12 is a schematic diagram illustrating an 
20 example of a frame structure according ; to a fifth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Preferred embodiments for carrying out the present 
25 invention are explained specifically below with 
reference to accompanying drawings. In addition, a 
wireless communication apparatus according to the 




9 

present invention performs communications using ATM . 
(First embodiment ) 

FIG. 2 is a schematic diagram illustrating a 
structure of a communication system using the wireless 
5 communication apparatus according to the first 
embodiment of the present invention . Base station ( BTS ) 
101 communicates with mobile station (MS) 102, for 
example, using a TDMA (Time Division Multiple 
Access) /TDD (Time Division Duplex) system. 

10 FIG. 3 is a schematic diagram illustrating a frame 

format used in the wireless communication apparatus 
according to the first embodiment. As illustrated in 
FIG. 3, a unit frame (1 frame) is comprised of access 
channel (Ach) 201, uplink control channel (Cch) 202, 

15 downlink control channel (Cch) 203, downlink user 
channel (Uch) 204, and uplink user channel (Uch) 206. 

Access channel 201 is comprised of downlink time 
slot (A D ) and uplink time slot (A„) . The downlink time 
slot is used for base station 101 to broadcast various 

20 control ^formation to each mobile station 102 as well 
as instructing a control channel allocated to each mobile 
station 102. Meanwhile, the uplink time slot is used 
for each mobile station 102 to acquire the control 
channel . 

25 Uplink control channel 202 and downlink control 

channel 203 are used for base station 101 and each mobile 
station 102 to communicate control information on 
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establishment, disconnection and switching of each user 
channel and information on switching control of each 
control channel. 

In particular, uplink control channel 202 is a 
5 channel used for each mobile station 102 to transmit to 
base station 101 a reporting signal for reporting 
contents of a transmission buffer of each mobile station 
102 for each frame. The reporting signal is indicative 
of presence or absence of transmission data (such as an 

10 ATM cell) in the transmission buffer of each mobile 
station 10 2 , queuing situation of cells to be transmitted 
(the number of queuing cells or level representative of 
the number of queuing cells), and particular QoS 
requirement. Base station 101 thereby recognizes a 

15 situation on transmission of each mobile station 102. 

Meanwhile, downlink control channel 203 is a 
channel used for base station 101 to notify a position 
of a user channel allocated to each mobile station 102 
according to a user channel allocation result described 

20 later. 

Downlink user channel 204 is a channel used for base 
station 101 to transmit, for example, ATM cells to each 
mobile station 102. Uplink user channel 206 is a channel 
for each mobile station 102 to transmit, for example, 
25 the ATM cells to base station 101. The respective 
numbers of time slots contained on downlink user channel 
204 and on uplink user channel 206 are not fixed, and 
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boundary position 205 between the channels is determined 
based on the user channel allocation result described 
later . 

FIG. 4 illustrates an example of a structure of each 
5 time slot on the aforementioned user channel. FIG. 4 is 
a schematic diagram illustrating the structure of the 
time slot on the user channel with the frame format used 
in the wireless communication apparatus according to 
this embodiment. Each time slot is comprised of 

10 protection guard time ( GT ) 301 , bit timing recovery code 
(BTR) 302 , unique word (UW) 303 , and eight cells 304 . 
In addition, the aforementioned structure of the time 
slot on the user channel is one of examples and is capable 
of being modified as appropriate corresponding to, for 

15 example, a communication situation and use. 

An internal configuration of base station 101 
illustrated in FIG. 2 is next explained using FIG. 5. 
FIG. 5 is a block diagram illustrating a configuration 
of a base station provided with the wireless 

20 communication apparatus according to this embodiment. 

First, at the time of reception, antenna section 
401 receives a signal transmitted from each mobile 
station 102 to output to RF section 402 . RF section 402 
performs frequency conversion on the signal transmitted 

25 from antenna section 401, and outputs the signal with 
the converted frequency to modulation/demodulation 
section 403. Modulation/demodulation section 403 
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performs demodulation such as 7T / 4QPSK scheme on the 
signal output from RF section 402, and outputs the 
demodulated signal to TDMA section 404. 

TDMA section 404 performs general TDMA processing 
5 on the signal output from modulation/demodulation 
section 403. That is, TDMA section 404 first fetches 
data corresponding to a time slot at a predetermined 
timing from the signal output from 

modulation /demodulation section 403, and extracts a 

10 unique word from the fetched data to establish 
synchronization . 

After establishing the synchronization, TDMA 
section 404 fetches various information from the data 
corresponding to a time slot, and corresponding to the 

15 contents of the fetched information, outputs the 
information to IF section 405 or wireless channel control 
section 406. Specifically, when the thus fetched 
information is various control information described 
previously transmitted on access channel 201 and control 

20 channel 202,, TDMA section 404 outputs the fetched 
information to wireless channel control section 406. 
Meanwhile, when the thus fetched information is, for 
example, speech information transmitted on user channel 
206, TDMA section 404 outputs the fetched information 

25 to IF section 405. 

IF section 405 outputs the information output from 
TDMA section 404 to PSTN (Public Switched Telephone 
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Network) and ISDN (Integrated Services Digital Network) . 

Next, at the time of transmission, IF section 405 
outputs a signal transmitted from PSTN and ISDN to TDMA 
section 404 . 

5 According to the frame format contents (FIG. 3) 

described previously, TDMA section 404 performs general 
TDMA processing on the signal containing various control 
information output from wireless channel control section 
406 or the signal output from IF section 405 . That is, 

10 according to the frame format contents, TDMA section 404 
adds a control signal such as a unique word to the signal 
containing various control information output from 
wireless channel control section 406 or the signal output 
from IF section 405 to generate data corresponding to 

15 a time slot, and inserts the generated data corresponding 
to a time slot into a predetermined slot at a 
predetermined timing to output to 

modulation/demodulation section 403 . 

Modulation/demodulation section 403 performs 

20 modulation such as 7T / 4QPSK scheme on the signal output 
from TDMA section 404, and outputs the modulated signal 
to RF section 402. RF section 402 performs frequency 
conversion on the signal output from 

modulation/demodulation section 403, and transmits the 

25 signal with the converted frequency to each mobile 
station 102 through antenna section 401. 

Call control section 407 performs user management 
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such as call connection control and authentication of 
a user (mobile station) . 

Wireless channel control section 406 controls 
above-mentioned antenna section 401, RF section 402, 
5 modulation/demodulation section 403, TDMA section 404, 
IF section 405 , and call control section 407 - An 
internal configuration of wireless channel control 
section 406 is explained using FIG. 6. 

FIG. 6 is a block diagram illustrating the internal 

10 configuration of wireless channel control section 406 
provided in base station 101 equipped with the wireless 
communication apparatus according to this embodiment. 
Wireless channel control section 406 is mainly provided 
with communication quality monitoring section 501, 

15 mobile station managing section 502, and wireless 
resource managing section 503. 

Communication quality monitoring section 501 
always monitors a communication quality of each channel, 
and performs processing such as switching or 

20 disconnection of a channel on which the communication 
quality deteriorates. Mobile station managing section 
502 manages a telephone number of each mobile station 
102, while managing a channel for use by mobile station. 
Wireless resource managing section 503 manages, 

25 for example, allocation of wireless resource. That is, 
wireless resource managing section 503 performs channel 
allocation to each mobile station 102 using various 
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control information output from TDMA section 404, while 
outputting a channel allocation result to TDMA section 
404. More specifically, wireless resource managing 
section 503 is comprised of access channel (Ach) managing 
5 section 504 , control channel (Cch) managing section 505, 
and user channel (Uch) managing section 506. 

Access channel managing section 504 manages access 
channel 201. In particular, when access channel 
managing section 504 receives through TDMA section 404 

10 a signal for requesting acquisition of a control channel 
transmitted from each mobile station 102, the section 
504 requests control channel managing section 505 to 
allocate a control channel to each mobile station 102. 
Then, access channel managing section 504 receives the 

15 control channel allocation result for each mobile 
station 102 from control channel managing section 505, 
and transmits the result to each mobile station 102 
through TDMA section 404. 

Control channel managing section 505 manages 

20 uplink control channel 202 and downlink control channel 
203. That is, when control channel managing section 505 
receives a request for allocating a control channel to 
each mobile station 102 from access channel managing 
section 504 , the section 503 determines a time slot to 

25 allocate to each mobile station 102 from among time slots 
on each control channel. After that, control channel 
managing section 505 outputs the allocation result 
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described above to access channel managing section 504. 

Further when control channel managing section 505 
receives the reporting signal for reporting the contents 
of the transmission buffer transmitted for each frame 
5 from each mobile station 102 through TDMA section 404, 
the section 505 outputs a signal for requesting time slot 
allocation on each user channel to user channel managing 
section 506 along with the reporting signal. Then, when 
control channel managing section 505 receives the 
10 allocation result from user channel managing section 506 , 
the section 505 transmits the allocation result to each 
mobile station 102 through TDMA section 404. 

User channel managing section 506 manages uplink 
user channel 206 and downlink user channel 204. 
15 Specifically, user channel managing section 506 
allocates time slots for use by each mobile station 102 
on uplink user channel 206 and on downlink user channel 
204. More specifically, user channel managing section 
506 allocates time slots for use by each mobile station 
20 102 based on a situation (hereinafter referred to as 
uplink transmission situation) of the number of 
transmission queuing cells that each mobile station 102 
has, another situation (hereinafter referred to as 
downlink transmission situation) of the number of 
25 transmission queuing cells that base station 101 has, 
and the other situation indicating how many transmission 
queuing cells that require particular QoS are contained 
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in respective transmission queuing cells that each 
mobile station 102 and base station 101 have. 

Among those situations, since user channel 
managing section 506 manages each user channel, the 
section 506 can always recognize the downlink 
transmission situation and the situation (hereinafter 
referred to as QoS requirement situation of the base 
station) of the transmission queuing cells that require 
the particular QoS contained in the transmission queuing 
cells that base station 101 has. 

Meanwhile, since using the reporting signal 
described previously on uplink control channel 202 , each 
mobile station transmits to base station 101 the uplink 
transmission situation and the situation (hereinafter 
referred to as QoS requirement situation of the mobile 
station) of the transmission queuing cells that require 
the particular QoS contained in the transmission queuing 
cells that mobile station 102 has, user channel managing 
section 506 can recognize the above situations. 

A specific configuration of user channel managing 
section 506 is explained below using FIG. 7. FIG. 7 is 
a block diagram illustrating a configuration of user 
channel managing section 506 provided inside base 
station 101 equipped with the wireless communication 
apparatus according to this embodiment. 

User channel managing section 506 is mainly 
comprised of downlink transmission situation buffer 601, 
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channel allocating section 602 and downlink transmission 
situation buffer 603 . 

Downlink transmission situation buffer 601 stores 
information on the downlink transmission situation and 
5 on the QoS requirement situation of the base station, 
while outputting the aforementioned information to 
channel allocating section 602. 

Uplink transmission situation buffer 603 stores 
information on the uplink transmission situation and on 

10. the QoS requirement situation of the mobile station, 
while outputting the aforementioned information to 
channel allocating section 602. The uplink 

transmission situation and the QoS requirement situation 
of the mobile station are of information transmitted from 

15 each mobile station 102 to base station 101 using uplink 
control channel 202 as described above, and output to 
uplink transmission buffer 603 through control channel 
managing section 505. 

Channel allocating section 602 receives the 

20 information on the downlink transmission situation and 
on the QoS requirement situation of the base station from 
downlink transmission situation buffer 601 and further 
receives the information on the uplink transmission 
situation and on the QoS requirement situation of the 

25 mobile station from uplink transmission situation buffer 
603. Based on the received information, channel 
allocating section 602 performs channel allocation on 
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downlink user channel 204 and uplink user channel 206. 
A specific channel allocation method for use by channel 
allocating section 602 is explained below using FIG.8A. 

FIG.8A is a schematic diagram illustrating a 
5 channel allocation method for use by channel allocating 
section 602 provided in base station 101 equipped with 
the wireless communication apparatus according to this 
embodiment . 

As a channel allocation method, channel allocating 

10 section 602 adopts a scheme for achieving that channels 
are allocated fairly corresponding to. both transmission 
situations, namely, the uplink transmission situation 
and downlink transmission situation without 
distinguishing between the uplink and downlink and that 

15 channels are allocated in consideration of the QoS 
requirements of the mobile station and of the base 
station. The scheme is explained using FIG.8A. 

In FIG.8A, an upper portion indicates the downlink 
transmission situation and the QoS requirement situation 

20 of the mobile station stored in downlink transmission 
situation buffer 601, and a lower portion indicates the 
uplink transmission situation and the QoS requirement 
situation of the base station stored in uplink 
transmission situation buffer 603 . That is, the upper 

25 potion indicates the buffer contents indicative of 
situations of transmission queuing cells to transmit to 
users ( mobile stations) 1 torn that base station 101 has, 
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respectively using A D#1 to A D , m . The lower portion 
indicates the buffer contents indicative of situations 
of transmission queuing cells to transmit to base station 
101 that users 1 to m have, respectively using A U/2 to 
5 A U/m . For example, it is indicated that buffer A Dfl 
contains three transmission queuing cells to transmit 
to user 1 from base station 101 and that buffer A VtJn 
contains no transmission queuing cell to transmit to base 
station 101 from user m. 

10 Further, a middle portion indicates dual shift ring 

701 that. conceptually indicates the channel allocation 
method. Dual shift ring 701 is mainly comprised of a 
ring (hereinafter referred to as normal ring) for fairly 
allocating channels to each user and another ring 

15 (hereinafter referred to as high-rate ring) for 
preferentially allocating channels to a particular user 
requiring a real-time and high-rate communication such 
as an image communication. The two rings are 

alternatively circulated. In addition, in FIG.8A, the 

20 normal ring is a ring lying on an outer side, and the 
high-rate ring is a ring lying on an inner side from the 
normal ring. 

Channel allocating section 602 performs channel 
allocation according to a certain rule as described below. 
25 Channel allocating section 602 first determines (loop 
check) whether or not each user is a user . for the 
allocation in the order along dual shift ring 701. The 
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user for the allocation at the time of the normal ring 
is every user having a transmission queuing cell, and 
such a user at the time of the high-rate ring is only 
a particular user having a transmission queuing cell. 
5 Further, channel allocating section 602 allocates 

a unit sub-slot/ i.e., a single sub-slot (corresponding 
to a cell) to a user for the allocation, and decreases 
the number of transmission queuing cells in the buffer 
for this user by 1. Thereafter, channel allocating 

10 section 602 allocates a sub-slot to each user up to the 
maximum number of accommodated channels, i.e., the 
maximum number of sub-slots that a frame is capable of 
accommodating, while checking along dual shift ring 701 . 

The aforementioned channel allocation is performed 

15 for each frame. In each frame, the loop check is 
initiated starting from a position where the check of 
a last frame is finished in dual shift ring 701 . In 
addition, when transmission queuing cells are consumed, 
the allocation in the frame is finished. 

20 FJLnally channel allocating section 602 divides all 

sub-slots allocated to respective users into two groups, 
namely, an uplink sub-slot group and a downlink sub- 
slot group. Then channel allocating section 602 gathers 
the sub-slots allocated to each user into one as a unit 

25 time slot, i.e., a single time slot (variable length 
slot) for each user. 

In addition, a service priority of a particular 
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user is changed by changing an alternate frequency 
between the normal ring and high-rate ring. 

A specific example of the channel allocation method 
described above is next explained further using FIG.8B. 
5 FIG-8B is a schematic diagram illustrating a channel 
allocation result by channel allocating section 602 
provided in base station 101 equipped with the wireless 
communication apparatus according to this embodiment. 

It is herein assumed that an i th user on uplink and 

10 a jth user on downlink are particular users, and that the 
loop check is initiated from a first user on downlink 
in normal ring circulation. 

Channel allocating section 602 first determines 
whether or not a first user on downlink is a user for 

15 the allocation. The first user on downlink has 
transmission queuing cells, and therefore channel 
allocating section 602 determines the first user on 
downlink to be the user for the allocation. Accordingly 
channel allocating section 602 allocates a sub-slot 

20 (UC D/1 ) to the first user on downlink, while decreasing 
the number of transmission queuing cells in the buffer 
for this user by 1. 

Similarly, channel allocating section 602 
allocates a sub-slot (UC Dfj ) and sub-slot (UC D/m ) to the 

25 j th user on downlink and an m th user on downlink, while 
decreasing the respective numbers of transmission 
queuing cells in the buffers for these users by 1, 
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respectively . 

Further, channel allocating section 602 checks 
along dual shift ring 701 , and determines an m th user on 
uplink. The m th user on uplink does not have any 
5 transmission queuing cell, and therefore channel 
allocating section 602 does not adopt the m th user for 
the allocation and determines a next user. 

Then, channel allocating section 602 determines an 
i th user on uplink and a first user on uplink to be users 

10 for the allocation, and allocates a sub-slot (UC U/;L ) and 
sub-slot (UC Ufl ) to these users, while decreasing the 
respective numbers of transmission queuing cells in the 
buffers for these users by 1, respectively. 

The loop check is next performed while circulating 

15 the high-rate ring (first circulation). That is, 
channel allocating section 602 determines only the j th 
user on downlink and i th user on uplink to be users for 
the allocation, and allocates a sub-slot (UC D/j ) and 
sub-slot (UC Ufi ) to these users, while decreasing the 

20 respective numbers of transmission queuing cells in the 
buffers for these users by 1, respectively. 

At this point, since the transmission queuing cells 
are still present, the loop check is performed along the 
normal ring (second circulation). Similarly, channel 

25 allocating section 602 allocates a sub-slot (UC D #1 ) and 
sub-slot (UC D/J ) to the first user on downlink and j th user 
on downlink respectively. Then, since a user on uplink 
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does not have any transmission queuing cell, the loop 
check is performed along the high-rate ring (second 
circulation ) . 

At this point, since the particular users, i.e., 
5 the j th user on downlink and i th user on uplink do have 
any transmission queuing cells, the loop check is 
performed along the normal ring (third circulation). 

In the normal ring (third circulation), channel 
allocating section 602 allocates a sub-slot (UC Dfl ) to 
10 the first user on downlink. 

At this point, since any transmission queuing cell 
is not present in the buffer for each user, channel 
allocating section 602 finishes the allocation in this 
frame. In addition, the allocation in this frame is 
15 finished at a point of the first user on downlink, and 
therefore an allocation in a next frame is initiated from 
this user. 

As a result, in the order illustrated at the upper 
portion in FIG-8A, channel allocating section 602 

20 .allocates sub-slots. Finally, as illustrated at a lower 
portion in FIG-8B, channel allocating section 602 
divides all the sub-slots allocated to respective users 
into the uplink sub-slot group and downlink sub-slot 
group, and in each sub-slot group, gathers the sub-slots 

25 allocated to each user into a time slot (variable length 
slot) for each user. Further, channel allocating 
section 602 inserts thus gathered . downlink time slots 
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and uplink time slots respectively into downlink user 
channel 204 and uplink user channel 206 illustrated in 
FIG. 3. Thereby on the user channel, the uplink time 
slots and downlink time slots are divided with boundary 
5 205 therebetween, and therefore a guard time to be needed 
is suppressed. As a result, the frame is effectively 
used. 

As described above, channel allocating section 602 
allocates the channel fairly without distinguishing 

10 between the uplink and downlink corresponding to 
respective transmission situations of uplink and of 
downlink. Further, channel allocating section 602 
allocates the channel by considering respective QoS 
requirements of a mobile station and of a base station. 

15 The foregoing is the specific channel allocation method 
in channel allocating section 602. 

The operation of base station 101 provided with the 
wireles s communication apparatus with the above 
configuration is next explained using FIG. 5. 

20 First, at the time of reception, a signal 

transmitted from each mobile station 102 is received at 
antenna section 401 of base station 101 and is output 
to RF section 402. RF section 402 performs frequency 
conversion on the signal received at antenna section 401 

25 to output to modulation/demodulation section 403. 
Modulation/demodulation section 403 performs 

demodulation such as 7T / 4QPSK scheme on the signal 
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subjected to the frequency conversion in RF section 402 
to output to TDMA section 404. 

TDMA section 404 fetches data from the signal 
demodulated in modulation/demodulation section 403 for 
5 each time slot at a predetermined timing, and extracts 
various information from the fetched data. The thus 
extracted information is output to either wireless 
channel control section 406 or IF section 405 
corresponding to contents of the information. That is, 

10 the extracted information is output to IF section 405 
when its contents is indicative of, for example, speech 
information transmitted on uplink user channel 206, 
while being output to wireless channel control section 
406 when its contents is indicative of various control 

15 signals transmitted on access channel 201 and uplink 
control channel 202 described previously. 

IF section 405 transmits the information such as 
speech output from TDMA section 404 to PSTN (Public 
Switched Telephone Network) and ISDN (Integrated 

20 Services Digital Network) . 

Wireless channel 'control section 406 performs an 
operation corresponding to the contents of the control 
information output from TDMA section 404. In addition, 
the operation is described later. 

25 Meanwhile, at the time of reception, signals 

transmitted from PSTN and ISDN are output to TDMA section 
404 through IF section 405. Further, various control 
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signals output from wireless channel control section 406 
are provided to TDMA section 404 according to the frame 
format described previously, 

TDMA section 404 performs general TDMA processing 
5 on the signal output from IF section 405 or wireless 
channel control section 406 according to the frame 
contents described previously. In other words, the 
section 404 adds a control signal such as a unique word 
to various control signals output from IF section 405 

10 or the signal such as a speech signal output from wireless 
channel control section 406 according to the. frame 
contents described previously to generate data 
corresponding to a time slot, and then inserts the data 
into a predetermined slot to output to 

15 modulation/demodulation section 403. 

Modulation /demodulation section 403 performs 
modulation such as 7T / 4QPSK scheme on the signal output 
from TDMA section 404 to output to RF section 402 . RF 
section 402 performs frequency conversion on the signal 

20 modulated in modulation/demodulation section 403, and 
the resultant signal is transmitted to each mobile 
station 102 through antenna section 401. 

Further, the operation in wireless channel control 
section 406 is explained according to the frame contents 

25 illustrated in FIG. 3. 

The operation on access channel 201 is first 
explained . 
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Using uplink time slot (Ay), each mobile station 
102 transmits a control signal to acquire a control 
channel to access channel managing section 504. 
Receiving the signal, access channel managing section 
5 504 outputs a signal for requesting to allocate a control 
channel to each mobile station 102 to control channel 
managing section 505 . Control channel managing section 
505 allocates a control channel to each mobile station 
102, and outputs the allocation result to access channel 

10 managing section 504. 

Using downlink time slot (A D ), access channel 
managing section 504 transmits to each mobile station 
102 the allocation result (in a previous frame) for each 
mobile station 102 and various control information. 

15 The operations on uplink control channel 202 and 

downlink control channel 203 are next explained. 

Using uplink control channel 202, each mobile 
station 102 transmits a reporting signal for reporting 
the contents of a transmission buffer to control channel 

20 managing section 505. Receiving the signal, . Gontrol 
channel managing section 505 outputs to user 'channel 
managing section 506 a signal for requesting to allocate 
a time slot on each user channel along with the reporting 
signal . 

25 Specifically, the reporting signal, that is, the 

uplink transmission situation and QoS requirement 
situation of the mobile station are stored in uplink 
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transmission situation buffer 603 illustrated in FIG. 7. 
Further, the signal for requesting to allocate a time 
slot is output to channel allocating section 602 
illustrated in FIG. 7. At the same time, the downlink 
5 transmission situation and QoS requirement situation of 
the base station are stored in downlink transmission 
situation buffer 601. 

Based on the uplink transmission situation, QoS 
requirement situation of the mobile station, downlink 

10 transmission situation and QoS requirement situation of 
the base station, channel allocating section 602 
allocates time slots for use by the mobile station on 
uplink user channel 206 and downlink user channel 204 . 
The specific allocation method is as described 

15 previously. 

When the channel allocation is finished, channel 
allocating section 602 outputs the allocation result to 
control channel managing section 505. 

Using downlink control channel 203, control 

20 channel managing section 505, i.e., channel allocating 
section 602 transmits the channel allocation result on 
each user channel to each mobile station 102. 

The operations on downlink user channel 204 and 
uplink user channel 206 are finally explained. 

25 Using downlink user channel 204 , based on the frame 

contents, i.e., the allocation result described above, 
information such as speech output from IF section 405 
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is "transmitted to each mobile station 102. 

Using uplink user channel 206 , based on the 
allocation result on each user channel notified using 
downlink control channel 203, each mobile station 102 
5 transmits information such as speech to base station 101 . 

The foregoing is the operations of the base station 
provided with the wireless communication apparatus 
according to this embodiment. 

Thus, according to this embodiment, the number of 

10 uplink time slots and the number of downlink time slots 
on a user channel are determined based on the number of 
transmission queuing cells (uplink traffic amount) that 
each mobile station has, the number of transmission 
queuing cells (downlink traffic amount) that the base 

15 station has and QoS that each mobile station and the base 
station have, and therefore the channel allocation is 
performed that faithfully and fast responds to uplink 
and downlink traffic amounts. Accordingly, it is 
possible to achieve a communication that responds to an 

20 asymmetric traffic and QoS of a user without affecting 
the frame utilization rate and system capacity. 

( Second embodiment ) 

Second embodiment is modified from the first 
25 embodiment to assure the QoS of a user to its maximum. 

A wireless communication apparatus according to 
the second embodiment has the same configuration as that 
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in the first embodiment except a channel allocating 
section, and detailed explanations are omitted. The 
channel allocating section in the wireless communication 
apparatus according to this embodiment is explained 
5 below in points different from the channel allocating 
section in the first embodiment using FIG.9A. In 
addition, the same sections as those in the first 
embodiment are not explained, 

FIG.9A is a schematic diagram illustrating a 

10 channel allocation method for use by the channel 
allocating section in a base station provided with the 
wireless communication apparatus according to the second 
embodiment of the present invention. 

First with respect to each of particular users, the 

15 channel allocating section sets a threshold Q th 801 for 
the number of transmission queuing cells, and further 
sets a flag indicative of a compared result between the 
number of transmission queuing cells and the threshold 
Q th 801. Specifically, the channel allocating section 

20 sets a flag of "1" for a particular user that has 
transmission queuing cells of which the number is more 
than the threshold Q th 801, and a flag of "0" for a 
particular user that has transmission queuing cells of 
which the number is less than the threshold Q th 80 1, among 

25 the particular users. 

Further when the particular user is present of 
which the flag indicates " 1 " , the channel allocating 
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section performs the loop check along the high-rate ring 
described previously until flag values of the particular 
users become all " 0 " . The loop check when the flag 
values of the particular users have become all "0" is 
5 the same as that in the first embodiment. 

A specific example of the allocation method for use 
by the above-mentioned allocating section is next 
explained further using FIG.9B- FIG.9B is a schematic 
diagram illustrating a channel allocation result by the 
10 channel allocating section in a base station provided 
with the wireless communication apparatus according to 
this embodiment. 

It is herein assumed as in the first embodiment that 
an i th user on uplink and j th user on downlink are 
15 particular users. Further assume that the threshold Q th 
801 is "2". In addition, a value of the threshold Q th 
may be changed as appropriate corresponding to, for 
example, a communication condition and usage. 

First, the channel allocating section examines the 
20^ -numbers of transmission queuing cells of particular 
' users, and sets a flag of the i th user on uplink to "0" 
and a flag of the j th user on downlink to "1". At this 
point, since the user is present of which the flag 
indicates " 1 ' ' , the channel allocating section performs 
25 the loop check along the high-rate ring. 

That is, the channel allocating section allocates 
a sub-slot (UC D|J ) to the j th user on downlink, while 
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decreasing the number of transmission queuing cells in 
the buffer for this user by 1- The number of 
transmission queuing cells of the j th user on downlink 
becomes thereby less than the threshold Q th 801, and the 
5 channel allocating section sets the flag of the user to 
" 0 " . 

Flag values of the particular users thus become all 
"0", and therefore the channel allocating section 
finishes the preferential allocation to the particular 

10 users described above. Thereafter, the channel 

allocating section performs the general allocation in 
the same way as in the first embodiment. 

As a result, in the order illustrated in FIG.9B, 
each user is allocated sub-slots. As illustrated in 

15 FIG.9B, it is obvious that sub-slots are preferentially 
allocated to the j th (particular) user on downlink who 
has transmission queuing cells of which the number is 
more than the threshold Q th 801. 

Thus according to this embodiment, the channel is 

20 preferentially allocated to a particular user by 
considering the number of transmission queuing cells 
that the user has, and therefore it is possible to assure 
a reliable communication to the particular user that 
needs to perform a real-time and fast communication such 

25 as an image. At the same time, it is possible to achieve 
a communication that responds to an asymmetric traffic 
and QoS of the user without affecting the frame 




34 



utilization rate and system capacity. 
( Third embodiment ) 

The third embodiment is to assure the QoS of a user 
5 to its maximum as the second embodiment. 

A wireless communication apparatus according to 
the third embodiment has the same configuration as that 
in the second embodiment except a channel allocating 
section, and detailed explanations are omitted. The 

10 channel allocating section in the wireless communication 
apparatus according to this embodiment is explained 
below in points different from the channel allocating 
section in the second embodiment using FIG.10A. In 
addition, the same sections as those in the second 

15 embodiment are not explained. 

With respect to each of particular users, the 
channel allocating section sets a threshold W th 901 for 
a transmission queuing time of transmission queuing cell 
and further sets a flag indicative of a compared result 

20 between the transmission queuing time of transmission 
queuing cell and the threshold W th 901. Specifically, 
the channel allocating section sets a flag of " 1 " for 
a particular user that has a transmission queuing time 
of transmission queuing cell that is longer than the 

25 threshold w th 901, and a flag of "0" for a particular user 
that has a transmission queuing time of transmission 
queuing cell that is shorter than the threshold W th 901, 
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among the particular users. 

In addition, the transmission queuing time of 
transmission queuing cell corresponds to a summation, 
with respect to all transmission queuing cells, of a time 
5 from the time information on a transmission queuing cell 
that a particular user has is stored in uplink 
transmission situation buffer 603 or downlink 
transmission situation buffer 601 illustrated in FIG. 7 
at the time the channel allocation is initiated to the 

10 time the channel allocating section starts the channel 
allocation. In order to obtain the transmission queuing 
time of transmission queuing cell described above, the 
channel allocating section stores transmission queuing 
times with respect to all transmission queuing cells that 

15 a particular user(s) has. 

In addition, while this embodiment explains the 
case that the transmission queuing time of transmission 
queuing cell is set as described above, the present 
invention is not limited to the case, and is capable of 

20 ^ /being carried out in any case modified as appropriate 
such as a case that the transmission queuing time of 
transmission queuing cell is a time from the time a 
particular user transmits information on a transmission 
queuing cell to the time a base station receives the 

25 information . 

The foregoing is a different point of the channel 
allocating section in this embodiment from the channel 
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allocating section in the second embodiment. 

A specific allocation method by the above- 
mentioned channel allocating section is next explained 
further using FIG.10B. FIG . 1 OB is a schematic diagram 
5 illustrating a channel allocation result by the channel 
allocating section in a base station provided with the 
wireless communication apparatus according to this 
embodiment. In addition, to simplify the explanation, 
assume that a transmission queuing time corresponding 
10 to a transmission queuing cell that each user has is all 
the same. 

It is herein assumed as in the second embodiment 
that an i th user on uplink and j th user on downlink are 
particular users. Further assume that the threshold W th 

15 901 is a transmission queuing time corresponding to two 
transmission queuing cells. 

First, the channel allocating section examines the 
transmission queuing times of transmission queuing cell 
of particular users, and sets a flag of the ith user on 

20 uplink to "0" and a flag of the j th user on downlink to 
"1". At this point, since the user is present of which 
the flag indicates "1", the channel allocating section 
performs the loop check along the high-rate ring. 

In other words, the channel allocating sect ion 

25 allocates a sub-slot (UC D/J ) to the j th user on downlink, 
while decreasing the number of transmission queuing 
cells in the buffer for this user by 1 . The transmission 
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queuing time of transmission queuing cell of the j th user 
on downlink becomes thereby less than the threshold W th 
901, and the channel allocating section sets the flag 
of the user to "0". The operation performed thereafter 
5 is the same as in the second embodiment and the 
explanation thereof is omitted. 

As a result, in the order illustrated in FIG.10B, 
each user is allocated sub-slots. As illustrated in 
FIG. 10B, it is obvious that sub-slots are preferentially 

10 allocated to the j th (particular) user on downlink who 
has the transmission queuing time of transmission 
queuing cell that is longer than the threshold w th 901. 

Thus according to this embodiment, the channel is 
preferentially allocated, to a particular user by 

15 considering the transmission queuing time of 
transmission queuing cell that the user has, and 
therefore it is possible to assure a reliable 
communication to the particular user that needs to 
perform a real-time and fast communication such as an 

20 image. At the same time it is^ .possible to achieve a 
communication that responds to an asymmetric traffic and 
QoS of the user without affecting the frame utilization 
rate and system capacity. 

25 (Fourth embodiment) 

This embodiment allocates, using a CDMA technique , 
a temporary dedicated access channel to a transmission 
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reporting signal that reflects a transmission queuing 
situation of a transmission buffer of each wireless 
terminal for each frame. 

An example of a frame structure of this embodiment 
5 is explained using FIG. 11. In FIG. 11, "1001" denotes 
a frame, "1002" denotes a multi control channel using 
the CDMA technique, " 1003" denotes a user and user 
allocation channel using a technique such as TDMA, CDMA 
or OFDM, "1004" denotes an uplink/downlink dedicated 

10 control channel, "1005" denotes an uplink/downlink 
random access channel (only the time a mobile station 
is turned on) , " 1006" denotes an uplink/downlink access 
and control channel, "1007" denotes a downlink user 
channel, "1008" denotes an uplink user channel, and 

15 "1009" denotes a variable uplink/downlink user channel 
boundary . 

The frame structure of this embodiment contains, 
as in the conventional TDD system, access channel (Ach) 
1005, control channel (Cch) 1004, and user channels 1007 
20 and t 1008 . Ach and Cch are used to transmit and receive 
signals using the CDMA system. This embodiment thereby 
aims to efficiently use channels. 

A frame is divided into two parts, i.e., terminal 
transmission queuing situation reporting signal part 
25 1002 and user information part 1003. The former part 
is for a.- transmission queuing situation reporting signal 
indicative of a transmission queuing situation of a 
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transmission buffer of each wireless terminal, and the 
reporting signal is allocated a temporary dedicated 
multi control channel using a CDMA system to report the 
transmission queuing situation to a base station without 
5 a collision. 

The dedicated control channel does not provide 
interference with other channels when no signal is 
thereon due to a characteristic of the CDMA with a 
software-like system capacity. It is thereby possible 

10 to use channels effectively. 

The allocation of multi control channel 1004 is 
performed as described next. In the case of a mobile 
communication, a base station provides a power-on access 
channel and channel code broadcast channel 1005, and 

15 acquires an access channel code of each mobile station 
in calling, answering and handover. 

The base station is provided with a relation table 
with addresses (or user IDs) of respective mobile 
stations and multi control channel codes as shown in the 

20 following Table 1, and manages the allocation, search 
and usage situation of the multi control channel. The 
mobile station uses power-on access channel 1005 only 
at the time the mobile station is turned on in calling, 
and transmits a user address or channel ID to the base 

25 station using a random access protocol, and the base 
station obtains a dedicated multi control channel code. 
In addition, in Table 1, "A" denotes an identification 
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address of a terminal accessing, "x" denotes non-access, 
"C" denotes a multi control channel code being used and 
"Cx" denotes an unused channel code. 
[Table 1] 



Wireless Terminal 


Multi Control 


Usage Situation 


I dent if ication 


Channel Code 




Address 






Al 


CI 


1 


A2 


C2 


1 


A3 


C3 


1 




... 


1 


X 


Cxi 


0 


X 


Cx2 


0 


X 


Cx3 


0 






0 



5 

That is, the above table is provided in order for 
a base station to manage the allocation, usage situation 
and the like of the control channel. Before performing 
a communication, each wireless terminal applies a 

10 control channel number and acquires a control channel 
for the terminal, and the base station notifies the 
terminal of the control channel code being not used 
currently (usage situation is 0) with the identification 
address of the terminal. Further, the base station 

15 releases the corresponding control channel code when the 
calling is finished. 

The base station notifies the terminal of a code 
of a vacant channel using the channel code broadcast 
channel. In answering, the base station notifies the 

20 mobile station of a code of a vacant multi control channel 
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directly using channel code broadcast channel. 1 0 02 . In 
a handover, a handover-destination base station searches 
for a vacant multi control channel, and transmits a code 
of an allocated multi control channel to the base station 
5 currently communicating with the mobile station, and the 
base station notifies the mobile station of the code 
using the channel code broadcast channel. 

Thus according to this embodiment, a wireless 
terminal transmits a transmission queuing reporting 

10 signal to a base station without a collision by using 
a temporary dedicated control channel, and the base 
station is thereby capable of instantaneously 
recognizing a transmission queuing situation of the 
wireless terminal, and of allocating a user channel 

15 corresponding to a transmission/reception amount on each 
channel and QoS by comprehensively considering a 
downlink channel reception situation of each user and 
an uplink transmission queuing situation of each uplink 
channel. It is thereby possible to eliminate useless 

20 channel occupations and collision of a transmission 
packet and transmission queuing situation reporting 
signal of the terminal and to perform wireless 
communications with high efficiency. 

25 (Fifth embodiment) 

This embodiment modified from the fourth 
embodiment is to provide efficient utilization of a 
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control channel by dividing the control channel into a 
dedicated control channel and a common control channel. 

An example of a frame structure according to this 
embodiment is explained using FIG.12. In FIG. 12 , "1101" 
5 denotes a frame, "1102" denotes a multi control channel 
using a CDMA technique, "1103" denotes a user and user 
allocation channel using a technique such as TDMA, CDMA 
or OFDM, "1104" denotes an uplink/downlink particular 
user dedicated control - channel , "1105" denotes an 
10 uplink/downlink normal user control channel (random 
access common channel for data and so on) , "1106" denotes 
an uplink /down link random access channel, "1107" denotes 
an uplink/downlink access and control channel, "1108" 
denotes a downlink user channel, "1109" denotes an uplink 
15 user channel, and "1110" denotes a variable 
uplink/downlink user channel boundary. 

The frame according to this embodiment is provided 
with Ach, Cch and Uch. Cch according to this embodiment 
is divided into moving-picture dedicated control channel 
20 (C nD ) 1104 and data common control channel (C SD ) 1105. 

Dedicated control channel 1104 is used in the same 
way as the control channel described in the embodiment 
described previously. Common control channel 1105 is 
used to transmit an uplink control signal using a random 
25 access protocol to a user having data or the like that 
does not require a severe delay characteristic. 

Thus according to this embodiment, two kinds of 
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control channels are provided corresponding to a delay 
characteristic requirement, and therefore it is possible 
to assure a quality requirement of a user and to provide 
an efficient utilization of the control channel. 



fifth embodiments , inthecaseofa mobile communication, 
the multi control channel is provided with the power-on 
access channel and channel code broadcast channel, and 
it is possible to acquire an access channel code of each 

10 mobile station in calling, answering and handover. 
Further, in other cases such as a wireless LAN, the multi 
control channel is not provided with the power-on access 
channel and channel code broadcast channel, and a control 
channel code of each wireless terminal is predetermined. 

15 At the time of transmission, the terminal is capable of 
notifying a base station of a transmission queuing 
situation of the terminal using a corresponding multi 
control channel. 



20 calling, a mobile station uses . the power-ori access 
channel only at the time the mobile station is turned 
on, transmits a user address or channel ID to a base 
station using a random access protocol, and thereby is 
capable of obtaining a dedicated multi control channel 

25 code. Meanwhile in answering, the base station is 
capable of notifying the mobile statipn of a code of a 
vacant multi control channel directly using the channel 
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In addition, in the above-mentioned fourth and 



Further in the case of a mobile communication, in 
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code broadcast channel. In a handover, a handover- 
destination base station searches for a vacant multi 
control channel, and transmits a code of an allocated 
multi control channel to a base station currently 
communicating with the mobile station, and the base 
station is capable of notifying the mobile station of 
the code using the channel code broadcast channel. 

Further in the above-mentioned fourth and fifth 
embodiments, it may be possible to adopt communication 
systems other than the CDMA system if a control channel 
could be allocated to each terminal, however, it is 
preferable to adopt the CDMA system in light of efficient 
channel utilization . 

As described above, according to the present 
invention, it is possible to provide a wireless 
communication apparatus which faithfully responds to an 
asymmetric traffic and QoS of a user and which is capable 
of improving the frame utilization rate and system 
capacity. 

Further, by taking advantage of the CDMA having the 
improved system capacity, each wireless terminal 
transmits to a base station a queuing reporting signal 
indicative of a transmission queuing situation of an 
uplink transmission buffer of the terminal for each frame 
without a collision by using a temporary dedicated 
control channel, and the base station is thereby capable 
of instantaneously recognizing the transmission queuing 
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situation of the wireless terminal. Further, the base 
station allocates a user channel corresponding to a 
transmission/reception amount on each channel and QoS 
without distinguishing between the uplink and downlink 
by comprehensively considering a downlink channel 
reception situation of each user and an uplink 
transmission queuing situation of each uplink channel. 
Accordingly it is possible to prevent the utilization 
of a useless channel and the occurrence of a collision 
of a transmission packet and another signal such as 
transmission request signal of the terminal and to 
provide a wireless communication apparatus with high 
efficiency . 

This application is based on the Japanese Patent 
Applications No . HE 1 1 1 - 1 7 8 7 3 7 filed on June 24, 1999 and 
No.HEIlO-356409 filed on December 15, 1998, entire 
contents of which are expressly incorporated by 
reference herein . 

Industrial Applicability 

The present invention is preferable to be used in 
a field of wireless communication using ATM. 
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CLAIMS 

1. A wireless communication apparatus comprising: 

monitoring means for monitoring for each unit frame 
a situation of transmission queuing cell in each of 
5 uplink storing means and downlink storing means for each 
of a plurality of communication users; and 

allocating means for allocating a unit sub-slot to 
each transmission queuing cell for each unit frame based 
on an entire situation of the storing means. 
10 2. The wireless communication apparatus according to 
claim 1, wherein the allocating means allocates unit 
sub-slots of which the number is in a range that the unit 
frame is capable of storing, according to a constant 
regulation . 

15 3. The wireless communication apparatus according to 
claim 2, wherein the constant regulation includes a 
regulation such that the unit sub-slot is fairly 
allocated to each transmission queuing cell stored in 
each storing means and the transmission queuing cell 

20 allocated the unit sub-slot is deleted from the storing 
means . 

4. The wireless communication apparatus according to 

claim 3 , wherein the constant regulation includes a 
regulation such that a first circulation is repeated such 
25 that at an allocation occasion for each of the uplink 
storing means and the downlink storing means for each 
communication user, the unit sub-slot is allocated to 



47 

a transmission queuing cell with a longest transmission 
queuing time stored in each storing means. 

5. The wireless communication apparatus according to 
claim 4, wherein the constant regulation includes a 
regulation such that the unit sub-slot is preferentially 
allocated to a particular transmission queuing cell 
stored in each storing means . 

6. The wireless communication apparatus according to 
claim 5, wherein the constant regulation includes a 
regulation that provides between each first circulation 
a second circulation such that at an allocation occasion 
for each of the uplink storing means and the downlink 
storing means of each communication user, the unit 
sub-slot is allocated only to the particular 
transmission queuing cell that has the. longest 
transmission queuing time stored in each storing means. 

7. The wireless communication apparatus according to 
claim 6, further comprising: 

arranging means for dividing all unit sub-slots 
allocated to transmission queuing cells for uplink and 
downlink respectively into an uplink sub-slot group and 
a downlink sub-slot group, gathering unit sub-slots 
allocated to each communication user at each of the 
uplink sub-slot group and the downlink sub-slot group 
into a channel, and arranging the channel on each of an 
..uplink user channel and a downlink user channel in the 
unit frame. 
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8. The wireless communication apparatus according to 
claim 7, wherein the allocating means comprises 
comparing means for performing a comparison between the 
total number of stored particular transmission queuing 

5 cells and a threshold for each storing means , and 
performs an allocation corresponding to a result of the 
comparison. 

9. The wireless communication apparatus according to 
claim -1 , wherein the allocating means comprises 

10 comparing means for performing a comparison between a 
transmission queuing time of a stored particular 
transmission queuing cell and a threshold for each 
storing means, and performs an allocation corresponding 
to a result of the comparison. 

15 10. The wireless communication apparatus according to 
claim 8, wherein the comparing means performs the 
comparison only to storing means for storing a particular 
transmission queuing cell. 

11. The wireless communication apparatus according to 
20 claim 9, wherein the comparing means performs the 

comparison only to storing means for storing a particular 
transmission queuing cell. 

12. The wireless communication apparatus according to 
claim 10, wherein the comparing means sets the threshold 

25 corresponding to a quality requirement of the particular 
transmission queuing cell. 

13. The wireless communication apparatus according to 



49 

claim 11, wherein the comparing means sets the threshold 
corresponding to a quality requirement of the particular 
transmission queuing cell, 

14. The wireless communication apparatus according to 
5 claim 1, wherein the frame is divided into a terminal 
transmission queuing s ituat ion report ing signal part and 
a user information part, and a dedicated control channel 
is allocated to a transmission queuing situation 
reporting signal of each wireless terminal. 
10 15. The wireless communication apparatus according to 
claim 14, wherein a second control channel is provided 
besides the dedicated control channel, and both control 
channels are used corresponding to a delay 
characteristic requirement of each wireless terminal. 
15 16. A base station provided with a wireless 
communication apparatus, said wireless communication 
apparatus comprising: 

monitoring means for monitoring for each unit frame 
a situation of transmission queuing cell in each of 
20 uplink storing means and downlink storing means for each 
of a plurality of' communication users; and 

allocating means for allocating a unit sub-slot to 
each transmission queuing cell for each unit frame based 
on an entire situation of the storing means. 
25 17. A communication terminal apparatus performing 
wireless communications with a base station apparatus 
provided with a wireless communication apparatus, said 
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wireless communication apparatus comprising: 

monitoring means for monitoring for each unit frame 
a situation of transmission queuing cell in each of 
uplink storing means and downlink storing means for each 
5 of a plurality of communication users; and 

allocating means for allocating a unit sub-slot to 
each transmission queuing cell for each unit frame based 
on an entire situation of the storing means. 

18. The communication terminal apparatus according to 
10 claim 17, wherein the communication terminal apparatus 

reports a situation of transmission queuing cell to the 
base station. 

19. A wireless communication method, comprising: 
monitoring for each unit frame a situation of 

15 transmission queuing cell in each of uplink storing means 
and downlink storing means for each of a plurality of 
communication users reported from respective one of the 
plurality of communication users; and 

allocating a unit sub-slot to each transmission 

20 queuing cell for each unit frame based on an entire 
situation of the storing means. 

20. The wireless communication method according to 
claim 19, further comprising: 

performing a comparison between the total number 
25 of stored particular transmission queuing cells and a 
threshold for each storing means; and 

performing an allocation corresponding to a result 
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of the comparison. 

21. The wireless communication apparatus according to 
claim 19, further comprising: 

performing a comparison between a transmission 
5 queuing time of a stored particular transmission queuing 
cell and a threshold for each storing means; and 

performing an allocation corresponding to a result 
of the comparison. 
-22. The wireless communication method according to 
10 claim 20, further comprising: 

dividing all unit sub-slots allocated to 
transmission queuing cells for uplink and downlink 
respectively into an uplink sub-slot group and a downlink 
sub-slot group; 
15 gathering unit sub-slots allocated to each 

communication user at each of the uplink sub-slot group 
and the downlink sub-slot group to construct a channel; 

arranging the channel on each of an uplink user 
channel and a downlink user channel in the unit frame; 
20 and . * 

notifying said each communication user of a result 
of arrangement. 

23. The wireless communication method according to 
claim 21 , further comprising: 
25 dividing all unit sub-slots allocated to 

transmission queuing cells for uplink and,- downlink 
respectively into an uplink sub-slot group and a downlink 




52 



sub-slot group; 

gathering _ unit sub-slots allocated to each 
communication user at each of the uplink sub-slot group 
and the downlink sub-slot group to construct a channel; 
5 arranging the channel on each of an uplink user 

channel and a downlink user channel in the unit frame; 
and 

notifying said each communication user of a result 
of arrangement. 
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ABSTRACT 

Downlink transmission situation buffer 601 stores 
information on downlink transmission queu ing cell for 



5 situation buffer 603 stores information on uplink 
transmiss ion queuing cell for each communication 
terminal. Based on the information stored in uplink 
transmission s ituat ion buffer 6 03 and the information 
stored in downlink transmission situation buffer 601, 
10 channel allocating section 602 allocates a unit sub- 
slot fairly to each transmission queuing cell. 
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